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Icing and frosting cause inconvenience for the daily life of human beings. 
Although research on anti-icing has been carried out for decades, environmentally 
harmless, economical, and efficient strategies for anti-icing remain to be developed. 
The new anti-freezing strategy by superhydrophobic substrate (SHS) becomes a 
potential candidate for its unique properties, which could increase the ice nucleation 
induction time, and reduce the residence time of water on the surface. Recent 
researches have provided new insights into the icing phenomenon and shed light on 
some promising bio-inspired anti-icing strategies by SHS. However, there are several 
issues to be solved: i) anti-freezing performance only used the ice nucleation 
induction time under a single super-cooling; ii) experimental condition varies in 
different studies, making them difficult to confirm with each other; iii) there are 
barely quantitative results involved in these studies, thus, it's hard to reveal the 
anti-freezing mechanism of SHS.  
In this study, we adopted the "double-oil" technique and nucleation theories, 
which was used to quantificationally investigate the anti-freezing performance of 
anti-freezing protein, to quantitatively study the anti-freezing performance and the 
anti-freezing mechanism of SHS. This research is expected to provide theoretical 
basis for the design of high performance anti-freezing materials. 
Firstly, based on nucleation theory and molecular dynamic simulation, the ice 
nucleation on superhydrophobic substrates was studied, and the anti-freezing 
mechanism of superhydrophobic substrates was revealed. It suggests that 
heterogeneous nucleation plays a key role in the study of ice nucleation on 
superhydrophobic substrates. According to the results of molecular dynamic 
simulation, a superhydrophobic substrates with very sharp nanopins was fabricated, 
which exhibit excellent interfacial anti-freezing performance: the effective nucleation 
temperature of water droplet on the substrate ~ -37.3 .     
Then, molecular dynamic simulation was carried out to investigate the effect of 
interfacial crystal lattice of flatten superhydrophobic substrate on the anti-freezing 
performance of the substrates. And water droplet nucleation on superhydrophobic 















surface curvature on the interfacial anti-freezing performance. It’s found that the plane 
crystal lattice has little effect on the fast freezing temperature of water droplet on 
superhydrophobic substrates. While the surface curvature of superhydrophobic 
substrates could severely affect the ice nucleation dynamics on superhydrophobic 
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化物涂层能将二氧化硅表面水滴结冰的诱导时间从约 6 分钟延长到约 2.8 个小
时。南京大学的王庆军课题组发现超疏水材料表面的粗糙度对其抗冻性能有着重
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2.2.1 杨氏方程（Young’s equation） 
在绝对平整光滑的表面上，液滴在表面稳定之后，根据表面张力的平衡关系，
可以推导出杨氏方程[1]： 
                           (1) 
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